The desirability of employing cheap and readily available sources of carbohydrates in the mold fermentation process for production of citric acid is well recognized. Publications dealing with the use of cane, beet or "high-test" molasses, cellulose hydrolyzates and starch products in the surface culture process have been reviewed by von Loesecke (1945) . Some of these materials have also been employed in a submerged culture process (Karow, 1942; Sjolander, 1945; and Waksman and Karow, 1946) . Many of the difficulties in developing a submerged procedure have been emphasized by Perlman (1949 The citric acid fermentation is very sensitive to the components of the medium, especially to iron, manganese, and zinc. However, it has been shown by Moyer (1951 and 1953) that the addition of slightly toxic concentrations of the low molecular weight alcohols to the medium increases the tolerance level of these trace elements in the fermentation. The purpose of the present ' One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agricultural Research Administration, U. S. Department of Agriculture. investigation was to determine further the value of alcohols, especially methanol, in stimulating the production of citric acid by Aspergillus niger from such crude carbohydrate sources as starch, starch slurries, crushed grain, and various kinds of molasses in both surface and submerged culture.
MATERIALS AND METHODS
Procedures used in culture preparation, inoculation, incubation, harvesting and analyses, unless otherwise specified, have been described (Moyer, 1953) . The culture medium, incubation temperature, and culture age are stated for each experiment. All citric acid yields are calculated on the basis of the anhydrous acid. Fermentation efficiency is considered to be 100 times the ratio of the weight of anhydrous acid to weight of sugar consumed. The surface and shaker flask cultures contained 50 and 100 ml of solution in 200 and 300 ml Pyrex Erlenmeyer flasks respectively.
The three lots of non-Steffenized beet molasses employed were supplied by: (1) The Heyden Chemical Corporation, which reported it as one of the better grades for the citric acid fermentation; (2) the Great Western Sugar Company; and (3) the Stauffer Chemical Company, this sample being from the western area. The lots of blackstrap molasses were untreated except those from Godchaux Sugars, Inc., which had been subjected to a treatment to remove part of the aconitic acid.
Potassium ferrocyanide treatment of beet molasses 8ANDREW J. MOYER was similar to the procedure of Gerhardt et al. (1946 1 ). An analysis of the mash at 7 days revealed almost complete conversion of starch to reducing sugar of which 6.1 g had been consumed in the cultures containing methanol. No oxalic acid was detected in any of these cultures. These results show that a selected strain of A. niger can hydrolyze corn starch and produce citric acid in submerged culture in the presence of methanol with a fermentation efficiency of 71 per cent.
Ground corn. Fermentation studies were now made with finely ground whole yellow corn, similar to corn meal, as the source of carbohydrate for citric acid production in submerged shaker cultures. Fourteen grams of this meal along with 80 ml of nutrient stock solution and 0.5 ml of an equal mixture of 5 N H2S04 and 5 N HY04 in each of the 300 ml flasks were autoclaved for 15 minutes at 15 pounds. To each flask, while still hot, was added 0.5 g of sterile CaCO3, and the flasks were well shaken. As soon as the flasks were cool, (see table 2 ).
Wheat starch slurry. A good grade of wheat flour was made into a stiff dough ball and the starch was separated from the gluten by washing in distilled water. The slurry of starch was added to each culture flask. to provide 10.1 g of starch and 0.3 g of free reducing sugar. The slurry was pasted in a water bath and autoclaved for 15 minutes at 15 pounds. W.hen cooling had taken place, 2.5 ml of pure methanol was added to each flask, which was then inoculated with 2 ml of the germinated spore suspension (24 hours old) and put on a Gump shaker at 32 C. Within two days there was a heavy non-pellet mold growth and the mash was thinning rapidly. At 7 days there was 8.1 g of citric acid per culture. This was a weight yield of 70 per cent anhydrous citric acid based on 11.52 g of reducing the citric acid. Other strains such as NRRL 615 produced less oxalic, usually 7 to 14 per cent of the total.
Treatment of this lot of molasses with potassium ferrocyanide resulted in an increase in acid production almost as great as that obtained by the methanol treatment. However the acid yields were further increased by using a combined methanol and potassium ferrocyanide treatment. Good yields of citric acid were not obtained in the submerged shaker cultures with this lot of molasses with potassium ferrocyanide or methanol used singly or in combination.
FIo. (Nelson, et al., 1952) . The complete nutrient solution was sterilized in the tank by steam applied in an external jacket. When the temperature had dropped to 32 C, the methanol was added and, after a few minutes of stirring, the germinated inoculum was added aseptically. The optimum rate of aeration has not been clearly established because the oxygen supply is also influenced by the air pressure in the fermentor, the size of the air bubbles, and the propeller speed. To minimize methanol evaporation, the air flow was reduced during the first 24 hours.
The most rapid citric acid fermentation in these tanks was obtained with 3 per cent methanol and 1.5 per cent inoculum by volume (table 7) .
At 9 days the fermented solution contained 7.3 per 
DISCUSSION OF RESULTS
The marked biological sensitivity and diversity of behavior among citric acid-producing molds have been emphasized by Foster (1949) . Cation impurities have been believed to be mainly responsible for low citric acid yields from crude carbohydrate sources Johnson, 1947 and 1948a; Waksman and Karow, 1946) . Some procedures for removal of heavy metals have been reported as fairly successful, namely an aluminum hydroxide co-precipitation treatment (Shu and Johnson, 1948a) ; use of Amberlite resins and bone char (Waksman and Karow, 1946) One to two per cent by volume of a suspension of germinated spores was employed to inoculate the production media, which is in sharp contrast with the esses of Perquin (1938 ), Sziics (1944 , and Karow and Waksman (1947) . In the present experiment, the use of the germinated inoculum resulted in a marked reduction in the area of spore-bearing mycelium required as contrasted with the inoculation procedure of Shu and Johnson (1948b) . Their procedure would require the spore-bearing mycelium from 1480 cne-liter Erlenmeyer flasks to inoculate 1000 gallons of production medium as contrasted with 26 such flasks in the germinated spore inoculation procedure.
Further investigations appear to be desirable to establish the-relationship between incubation temperature and the supply of nutrients exclusive of sugar. In the submerged shaker cultures with commercial glucose, more nitrogen was required to maintain a fast fermentation rate at 27 C than at 31 to 32 C. The Shu and Johnson (1948b) fermentation was conducted at 25 C and their best medium contained 2.5 g each of NH4NO3 and KH2PO4 per liter. This phosphorus level is 12 times as much as was used in the submerged culture shown in table 6. Karow (1942) omitted magnesium and Szucs (1944) omitted phosphorus in the production culture stage. These various results suggest that some grades of molasses high in nutrients might be fermented best at temperatures of 25 to 27 C.
Aeration or oxygen supply is an important factor in the submerged fermentation. The shaker speed to a large extent controls the aeration, but it is not possible to translate shaker speed into deep tank operations. The problem of direct aeration in tank operations becomes more complicated when consideration is given to the fact that CO2 can enter into the synthesis of the citric acid molecule if it is not swept out of the fermentor. The aeration rate after the first day in the tank fermentor was 0.2 volume of air per volume of medium per minute, approximating the rate of 0.218 to 0.272 volumes used by Schweiger and Snell (1949) in column type fermentors. Greater rates of aeration rapidly decrease the methanol concentration. More information on the problem of aeration may be instrumental in decreasing the fermentation time required in submerged culture citric acid production. SUMMARY It has been demonstrated that crude carbohydrate sources including corn starch, ground corn, wheat starch, "high-test" beet and blackstrap molasses, as well as commercial glucose, can be fermented to citric acid by Aspergillus niger in either surface or submerged culture. The success of these fermentations depends primarily on the addition to the production medium of a low molecular weight alcohol, preferably methanol in a slightly toxic concentration. The effective concentration of methanol varies from 1 to 4 per cent by volume of the medium. Economies have been made in the inoculation procedure and the submerged fermeninoculum preparation involved in the two-stage proe-
